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PART 4b—-AIRPLANE AIRWORTHI

NESS; TRANSPORT CATEGORIES 
FLUTTER, DEFORMATION, AND VIBRATION 

REQUIREMENTS 
THIS AMENDMENT INCREASES THE SCOPE OF 

THE FLUTTER, DEFORMATION, AND VIBRATION 
REQUIREMENTS BY PROVIDING THAT THE DY
NAMIC EVALUATION OF THE AIRPLANE TAKE 
INTO ACCOUNT ELASTIC, INERTIA, AND AERODY
NAMIC FORCES ASSOCIATED WITH ROTATION* 
AND DISPLACEMENTS OF THE PLANE OF THE 
PROPELLER; AND THAT THE AIRPLANE, UNDER 
SPECIFIED CONDITIONS, REMAIN FREE FROM 
HAZARDOUS FLUTTER, VIBRATION, AND DIVER
GENCE AFTER ANY REASONABLY PROBABLE 
•MILE STRUCTURAL FAILURE OR EQUIPMENT 
MALFUNCTION. THE DETAILS OF THE AMEND-
MENT WERE PUBLISHED BY THE FEDERAL AVI
ATION AGENCY AS A NOTICE OF PROPOSED RULE 
MATTING (28 TS.. 6358). CIRCULATED TO THE 
INDUSTRY AS .NOTICE 83-21 DATED JUNE IT. 
1M3. 

REGULATIONS DEALING SPECIFICALLY WITH 
FLUTTER, DEFORMATION, AND VIBRATION ON 
TRANSPORT CATEGORY AIRPLANES WERE FIRST 
INTRODUCED WHEN PUT 04 (LATER DESIG
NATED AS PART 4B) BECAME EFFECTIVE AN 
NOT EMBER » , IMS. THESE RECULATLOAA 
EVOLVED INTO CURRENTLY EFFECTIVE 14BJ08 
WITH THE ADOPTION OF TWO SUBSTANTIVE RE
VISIONS, AS FOLLOWS: (1) KFFECTLVE MARCH 6, 
1953, THE REQUIREMENT THAT FREEDOM FROM 
FLUTTER AND DIVERGENCE BE DEMONSTRATED 
AT ALL SPEEDS OP TO 12 V0 WAS AMENDED TO 
PERMIT THIS DEMONSTRATION AT SPEEDS UP 
TO A VALUE LESS THAN 1 J VD IF THE CHAR
ACTERISTICS OF THE AIRPLANE ARE SUCH THAT 
IT WOULD BE UNLIKELY TO ATTAIN A SPEED OF 

1 J Tp AND IF IT IS SHOWN THAT A PROPER 
MARGIN OF DAMPING EXIST* AT SPEED VD: 
AND C2> EFFECTIVE OCTOBER 1, IMS, A PRO
VISION WAS ADDED REQUIRING THAT, IF CON
TROL SURFACE FLUTTER DAMPERS ARE USED TOR 
SUTTER PREVENTION, THE FLUTTER DAMPER 
SYSTEM BE OF SUCH DESIGN THAT A SINGLE 
FAILURE WILL NOT PRECLUDE CONTINUED SAFE 
FLIGHT OF THE AIRPLANE AT ANY SPEED UP 

DURING THE PERIOD BETWEEN 1 M 5 AND 
LASS. |4B.308 AND PREDECESSOR REGULA
TIONS GENERALLY WERE EFFECTIVE 1B INSUR
ING FREEDOM FROM FLUTTER AND DIVERGENCE 
IN TRANSPORT CATEGORY AIRPLANES, DESPITE 
THE ABSENCE OF A PROVISION REQUIRING AN 
INVESTIGATION OF THE INFLUENCE OF A SINGLE 
STRUCTURAL I ALLURE ON SUTTER STABILITY. A 
REASONABLE MARGIN OF SAFETY EVIDENTLY 
WAS PROVIDED BY THE REQUIRED DEMON
STRATION THAT THE AIRPLANE BE FREE FROM 
SUTTER AND DIVERGENCE AT SPEEDS UP TO 
1.2 PJY OVER THE CRITICAL RANGES OF THE 
PERTINENT PARAMETERS. 

SUBSEQUENTLY, SEVERAL REPORTED IN
STANCE* OF TAB FLUTTER ON A TRANSPORT CATE
GORY AIRPLANE LED TO ADOPTION OF THE CUR
RANT REQUIREMENT THAT TAB CONTROL SYS
TEMS BE FREE FROM HAZARDOUS NUTTER AFTER 
DISCONNECTION OR FAILURE OF ANY ELEMENT 
AT SPEEDS UP TO FN. 

IN GENERAL, APPLICANTS HAVE RESORTED TO 
ANARRSNT IN SHOWING COMPLIANCE WITH THE 
REGULATIONS, SUPPLEMENTED IN SOME EASES 
BY FLIGHT FLUTTER TEATS. IN THE PAST; SUCH 
ANALYSES HAVE TAKEN INTO EOOOUNT, FOR 
PROPELLER-DRIVEN AIRPLANES, THE MAS* OF 
T>>» T Y T ^ F - P — T F N T COMBINATION tp^A 
THE NATURAL FREQUENCY OF VIBRATION OF ITS 
SUSPENSION, BUT DOT THE ELASTIC INERTIA, 
AND AERODYNAMIC FORCES ASSOCIATED WITH 

THE ROTATIONS AND DISPLACEMENTS OF THE 
PROPELLER PLANE. THESE FARCES HAD NO 
SIMFNEANT EFFECT ON WING FLUTTER STA
BILITY. 

TWO FATAL ACCIDENT*, BOTH INVOLVING A 
FOUR-ENGINE TURBOPROP AIRPLANE, FOCUSED 
ATTENTION ON THE HAZARDS ASSOCIATED WITH 
AEROELASTTC INSTABILITIES IN TRANSPORT CAT
EGORY AIRPLANES. AN INVESTIGATION INTO 
THE CAUSE OF THESE ACCIDENTS, AND ASSO
CIATED ENGINEERING STUDIES BY BOTH INDUS
TRY GOVERNMENT, INDICATED THAT THE 
VARIOUS FORCES ASSOCIATED WITH THE ROTA
TIONS AND DISPLACEMENTS OF THE PLANE OF 
THE PROPELLER MUST BE CONSIDERED IN EVAL
UATING THE FLUTTER AND DIVERGENCE STABIL
ITY OF TRANSPORT CATEGORY AIRPLANES. THE 
OSCILLATORY MOTION OF THE PLANE OF THE 
PROPELLER MAY ITSELF BECOME *"••*-M* OR 
DIVERGE, OR MAY CONTRIBUTE TO INSTABILITY 
OF THE WING. FOR THESE REASONS, I 4BJ08 
(A) IS AMENDED BY ADDING A REQUIREMENT 
THAT THE DYNAMIC EVALUATION OF THE AIR
PLANE INCLUDE CONSIDERATION OF THE EFFECT 
OF SIGNIFICANT ELASTIC. INERTIA, AND AERO
DYNAMIC FORCES SETNRLITERL WITH ROTATIONS 
AND DISPLACEMENTS OF THE PLANE OF THE 
PROPELLER. 

THE PROVISIONS OF PRESENT 14BJ0»(A> 
AN LIMITED IN SCOPE IN THAT THEY PRE-, 
SCRIBE FREEDOM FROM FLUTTER AND DIV 
FENCE FOR WING AND TALL UNITS ONLY; 
WHEREAS IT IS WEN KNOWN THAT THE HIGHER 
SPEEDS OF IROWLPRU TRANSPORT CATEGORY 
AIRPLANES MAY INTRODUCE SUTTER OR DI
VERGENCE IN OTHER PORTIONS OF THE AIR
PLANE. TO INSURE THAT TESTS OR ANALYSES 
TAKE THIS POSSIBILITY INTO ACCOUNT. 14B.-
908(A) IS AMENDED TO PRESCRIBE FREEDOM 
FROM FLUTTER AND DIVERGENCE FOR ALL POR
TIONS OF THE AIRPLANE-

(As p u b l i s h e d i n the F e d e r a l R e g i s t e r / £ « F . R . 126097 on September 5 , 1464) 
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In put application of the term "proper margin of damping" in present | «b 30* (a), the Agency h*» indicated that the margin I* acceptable U a satisfactory damping coefficient exist* for all potential Sutter mode* 4t all speeds up to V~a. tad ~ BO lane and rapid reduction in damping with Increased speed It indicated upon approaching 7 e . Is this regard, I 4b.3Qg(e> U amended to state cleariy what is meant by the tern "proper margin of damping." The previously mentioned Government-Industry studies also disclosed that severe degradation of tbe aeroelastic properties of the wine could result from failure of a structural member (including these which form pan of the engine itself in the cue of turboprop engine* > which support* the engine-propeller combination, or from failore of toe propeller control cystem such that over-speeding of the propeller occurs. In new of these findings, »nd in view of past finding* w>Mt>.^nf that failures in tab end damper control element* may result is Sutter, the Agency finds there i* « seed for * comprehensive set of requirements dealing with the effect of probable failures on flutter stability. Tbe Agency has noted, for example, that hasardous flutter may be induced by any failure reducing the rigidity of irreversible main control erttems which ere fitted with power boost; by a failure is tbe power boost itself; by a failure or malfunction of an automatic flight oon-trol system; or by failure or partial failure ot single principal structural elements. Therefore, a new paragraph <d> is added to I *b.30a to require that the airplane be free of Sutter, after specified failures or malfunctions, at all speeds uptoC9. In general, the comments received on Ketiec 41-31 either vert favorable or offered no objection to tbe main objectives of tbe proposal, although a number of detailed revision* were suggested. Among these was as objection to tbe notice of proposed rule making, which opposed Increasing the scope and detail of the regulations. The comment also Indicated that airframe manufacturer* wis comply voluntarily with, the basic requlremants la the proposal. The Agency does not consider this objection valid since the purpose of the rule change Is to establish and record in the Crrtl Air Regulations tbe minimum standards which should apply to this area of flight safety. A recommendation was made to revise the first sentence of 14b.J0*(a) to apply to the airframe instead of the airplane since the latter could be interpreted to Include all minor protruding Items. The Agency does not agree atase the airframe is not aufldentlj' Inclusive to account for tbe engine-propeller combination which Is of prime importance la this amend* ment. The intent of the proposal is to prevent a single failure from causing flutter In any structural component that could result la destruction of the sir-plane. It U not intended that minor protruding Items be treated any differently under the proposal than under tbe currently effective requirements which 

Umit the scope of the Sutter investigation to the wing, tall, and control surfaces. In dlacuaalpg I 4bJO»(e). a comment Indicated that a damping coefficient is superfluous since no Quantitative value for the required damping U included. The Agency doe* not agree. Although a 
niitujnytp value of damping coefficient cannot be established as a standard for all cases, tbe H"*p'"f coefficient still remain* a necessary measure of flutter* stability In Individual cases whether analytical or experimental results are Quoted. Another comment suggested that n " 1 " ^ weight and mass distribution be considered In flutter criteria, and that 14O.30*(a) require flight test demonstration either of the absence of flutter or that sufficient margins exist wtth fuel and other movable mass distributed to give the lowest natural frequencies of the aircraft. The requirement* have seneral application with respect to gross weight and maai distribution. Furthermore, the lowest natural frequencies of tbe atr-plan* do not necessarily represent the most unstable flutter oonflgurattcp. Therefore, the suggestion Is not accepted. Pail-taX* criteria being added to |«b.30a by new paragraph, <d), which prompted th* suggestion that this paragraph be subdivided into two new pare-graphs, fall-Safe Criteria sod Alterae-t-va* to Fall-Safe Criteria. Th* Agency does not oo&eur since alternative pro-visioni (negligible probahQlty of failure) axe not applicable to all failure* luted. A comment objected to 14b30*<d) (1) a&d (3> because data has not beta presented to justify applying th* failure concept to engine structure and engine supporting structure. As previously mentioned, this regulatory action stemmed from the results of the tnveeU-gation of two fatal accident* involving turboprop airplanes. These results alerted the aircraft Industry to the posst-blUty that the propeller whirl mode could alter significantly the wing aeroelastic stability. Section tbSK presently requires that consideration beyond tbe basic strength, requirements and fatigue substantiation must be grren to those areas where partial structural failure would have catastrophic effect Wing flutter Is a catastrophic tn most cases. Therefore, since failure of a turboprop engine or it* supporting structure, via the resultlQg loss la propeller support rigidity, could result la wing nutter, the Agency and* that the amsndment Is justified. 

New | 4b.3W<d> includes the phrases "reasonably probabl* single fsllurt" and "probability of their occurrence is negligible" which were objected to because Uvej are difficult to Interpret oonsistenUy and would result in differences of opinion between Agency regions as to verification requirements. The comment •wtuaert that compliance with. Part 4b basse structural requirement* provides a negligible probability of failure. Toe enrnmtnt further state* that a more specific definition of the phrase "conservative static strength margin" Is needed if tbe tmpU • cation is Uuvt margins greater than Part 4b requirements are required. The purpose of this amendment Is to prevent the 

possibility that a single structural failure could lead to flutter sad subsequent destruction of tbe airplane. The fail-safe provisions recognise a finite probability of the failure of Individual element* and provide for demonstrating that structural element* are so conservatively designed that the effect* of thatr failure need not he considered. Tbe particular phrases quoted are to provide for such-demonstration*. Tbe anal rule retains thee* phrases since they properly indicate the intent. The «s*irtnptWi of the relation between Part 4b compliance and probability of failure is not correct Section 4bJ70<b> already provides for protection against failures hi primary structure areas such a* wing, fuselage, etc, without regard to static margin of safety. The proposal eeaceralag a conservative static strength margta is part of the provision for not having to evaluate individual failures, but value* of static margin cannot be established to apply to all cases, it will depend on tbe particular installation, type of airplane, previous experience, and the relative significance of fatigue load* to 
Another mm ment stated that tbe maximum speed for flight teat substantiation la l*b.J0»(d) should be V w rather thaa rK since V M la compatible wltt th* fail-safe criteria of 14bJ70<b>, and that test demonstration of sood damping at r*«- should be an adequate procedure for insuring a safe alrplaaa Tbe Agency doe* not agree since the VK(f, particularly for turbine-powered airplane*, may be expected in service during a blab percentage of flight*. Flutter is usually expected to be approached most ejoaely at tbe highest flight speed The strength provisions of |4b4T0(b) provide margins against failure by requiring design to ee-ceJaratad flight conditions, but flutter can occur la level unacrelerttad flight. Hence, the only safety margin against flutter is a martin la speed, and the value of Vmg ** adopted to provide this margin. It la noted that the speed used for flight flutter test vtruVattoe of freedom from flutter is Vp, but a lesser speed. 7 M 1» required tor failure eases. 
Several oowment* suggested that the second sentence of proposed t 4b-I0*<d> be revised to begin "The structural fail-urea described is subparagraphs U),(3), and (7) • • •" to permit the alternative provisions (negligible probability of failure) of safe Ufa rrsnpl lance for control system* under subparagraph (f). Part 4b currently require* consideration of % failed or disconnected tab control system and flutter damper system. Tbe need for these fail-safe provisions was established on tbe basis of service experience, and the suggested reduction in t&e degree of compliance has not been Justified, Subparagraph <•) of f4bJogcd> (proposed subparagraph (1) > is amended to extend this tame fall • eatt provision to the main control system, based on has-ard* Introduced by the Increased earn-plexitis* of jnsin control systems, use of hydraulic and electric powered controls, and us* of a Wider soope of automatic control functioning. Therefore, the *ug< •action is not accepted. 


